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ABSTRACT 
ERTS imagery of t h e  A t l a n t i c  s h o r e l i n e  zone 
of t h e  Cen t ra l  A t l a n t i c  Regional Ecologica l  T e s t  
S i t e  (CARETS) w a s  eva lua ted  f o r  c l a s s i f y i n g  land 
use  and land cover ,  employing t h e  USGS Geographic 
Appl ica t ion  Program's land use  c l a s s i f i c a t i o n  
system (Geological Survey C i r c u l a r  671). ERTS 
d a t a  can provide a basis f o r  land cover and land  
use mapping wi th in  t h e  s h o r e l i n e  zone, however 
because of t h e  dynamic n a t u r e  of t h i s  environment, 
two a d d i t i o n a l  t e r m s  are considered: v u l n e r a b i l i t y  
of classes t o  storms and progress ive  e ros ion ,  and 
s e n s i t i v i t y  of the classes t o  man's activit ies.  
INTRODUCTION 
ERTS-1 imagery of t h e  CARETS reg ion  is being eva lua ted  
f o r  use  i n  c l a s s i f y i n g  land use on t h e  barrier i s l a n d s  of 
t h e  mid-Atlantic Coast us ing  t h e  United States Geological  
Survey 's  -- Land U s e  C l a s s i f i c a t i o n  (C i rcu la r  671) .  Changes 
i n  this  f r a g i l e  e n v i r o n m e s  occur on a v a r i e t y  of temporal 
and s p a t i a l  scales, many of which are commensurate wi th  t h e  
sampling p o s s i b l e  from ERTS-l. Response of t h e  i s l a n d s  t o  
storms and long-term t r ends  r e s u l t s  i n  changes i n  t h e  d i -  
mensions and d i s t r i b u t i o n s  of t h e  land use classes. ERTS-1 
imagery o f f e r s ,  t h e r e f o r e ,  t h e  p o s s i b i l i t j j  of monitoring 
t h e  immediate and long-term response of t h e  barrier i s l a n d s  
t o  t h e  processes ,  both human and n a t u r a l .  S ince  t h e  b a r r i e r  
i s l a n d s  are s u b j e c t  t o  r a p i d  and d e s t r u c t i v e  change, t h e  
imp l i ca t ions  i f  t h i s  a b i l i t y  t o  monitor land cover types 
is p o t e n t i a l l y  g rea t .  
*This research is  being conducted wi th in  t h e  CARETS Research 
Program, Geography Programs, United S t a t e s  Geological  Survey. 
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T h e  purposes  are (1) t o  p rov ide  an i n i t i a l  e v a l u a t i o n  
of ERTS imagery €or mapping l and  u s e  on t h e  b a r r i e r  i s l a n d s ,  
and (2 )  t o  estimate t h e  p o t e n t i a l  of ERTS f o r  n e e s u r i n g  t h e  
v u l n e r a b i l i t y  and s e n s i t i v i t y  of t h e  l and  cover  classes t o  
change caused by man and n a t u r e .  The a r e a  of i n v e s t i g a t i o n  
spans t h e  coast from A t l a n t i c  C i t y ,  New J e r s e y  t o  Cape Look- 
ou t ,Nor th  C a r o l i n a  w i t h  t h e  focus  of t h e  s t u d y  c e n t e r e d  upon 
landscape  seaward of t h e  P le i s tocene /Recen t  c o n t a c t .  
RE GIONAL DES C R I  P T I  ON 
Barrier i s l a n d s  are b i o p h y s i c a l  complexes c o n s i s t i n g  of 
sand beaches , sand  f l a t s  , dunes,  and marshes.  The i s l a n d s  
r a r e l y  exceed one m i l e  i n  w id th ,  r ange  i n  l e n g t h  from one t o  
twenty m i l e s  and are s e p a r a t e d  from each  o t h e r  by t i d a l  i n -  
le ts .  The d i s t a n c e s  from t h e  i s l a n d s  t o  t h e  mainland may 
r ange  from less than  one-half  m i l e  t o  more than  twenty m i l e s .  
The p r i n c i p a l  p h y s i c a l  p rocesses  o c c u r r i n g  i n c l u d e  t h e  sand 
t r a n s p o r t  by t i d e ,  wind and wave gene ra t ed  c u r r e n t s ,  e o l i a n  
t r a n s p o r t ,  t i d a l  i nunda t ion  of t h e  marshes,  and s t o r m  s u r g e  
overwash of t h e  beach,  dune and marsh areas. The ecology of 
the i s l a n d s  i s  f r a g i l e ,  w i th  changes i n  t h e  marsh and dune 
g r a s s e s  r a p i d l y  masking change a s s o c i a t e d  w i t h  t h e  p h y s i c a l  
p rocesses .  
E ros ion  problems are c r i t i c a l  a long  t h e  CARETS coast- 
l i n e ,  e s p e c i a l l y  i n  areas where man has  i n t e n s e l y  developed 
the landscape.  Temporal s c a l e s  of e r o s i o n  i n c l u d e  long-term 
t r e n d s  due t o  e u s t a t i c  sea l e v e l  r i se ,  sho r t - t e rm changes 
due t o  i n d i v i d u a l  storms, and change a s s o c i a t e d  w i t h  t i d a l  
c y c l e s .  When t h e  dunes are breached and s u r g e s  of seawater 
p e n e t r a t e  t h e  i n t e r i o r  of t h e  i s l a n d ,  damage can be  i n f l i c t e d  
upon p u b l i c  and p r i v a t e  p rope r ty .  The f l o o d i n g  can d i s r u p t  
t r a n s p o r t a t i o n  and communication, i s o l a t i n g  s e c t i o n s  of t h e  
i s l a n d s .  Overwash is a b e n e f i c i a l  p r o c e s s ,  however, when i t  
occur s  i n  the n a t u r a l  landscape.  I t  moves n u t r i e n t s  i n t o  
t h e  marsh, and has  been sugges ted  as  t h e  means by which t h e  
i s l a n d s  ma in ta in  themselves  when sea l e v e l  rises. 
Recent r e s e a r c h  s u g g e s t s  t h a t  a h i e r a r c h y  of  s h o r e l i n e  
landforms e x i s t s ,  w i t h  s i z e  r ang ing  from beach cusps  t o  capes  
( 1 0  meters t o  1 0 0  k i l o m e t e r s )  and w i t h  t h e  e lements  of  t h i s  
h i e r a r c h y  dynamica l ly  l i n k e d  t o  p a r t i c u l a r  nea r shore  process-  
es (Fig .  1). Th i s  system of landforms i s  in ipor tan t  because 
t h e  s e v e r i t y  of t h e  e r o s i o n  t h a t  a l o c a l e  expe r i ences  from 
a storm depends n o t  on ly  upon t h e  i n t e n s i t y  and d u r a t i o n  of 
t h e  storm, b u t  also upon t h e  p o s i t i o n  of t h e  locale w i t h  
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r e s p e c t  t o  t h e  h ie rarchy  o€ s h o r e l i n e  landforms. The 
presence o r  absence of elements of t h i s  s y s t e m  along t h e  
c o a s t l i n e  can s i g n i f y  a reas  wi th  a p o t e n t i a l  f o r  r ap id  
change; t h e r e f o r e ,  their appearance on t h e  imagery can 
provide an i n d i c a t i o n  of t roub le  areas. 
CLASSES O F  LAND COVER 
T h e  United S t a t e s  Geological Survey's Land IJse Class- --- -
i f i c a t i o n  provides  for two l e v e l s  of c l a s s i f i c a t i o n  based 
on two l e v e l s  of remote sens ing  d a t a  (Table I ) .  Level I 
is f o r  use  wi th  s a t e l l i t e  imagery and Level I1 is f o r  use 
w i t h  sa te l l i t e  and h i g h - a l t i t u d e  imagery combined wi th  
topographic maps. The fol lowing c l a s s e s  are f r equen t ly  
apparent  on imagery of t h e  mid-Atlantic b a r r i e r s .  
F o r e s t  Land--In gene ra l ,  t h e  f o r e s t  lands are 
evergreen o r  mixed. 
Water--S treams and waterways a r e  p r e s e n t ,  b u t  
bays and e s t u a r i e s  dominate. 
Nonforest  Wetland--All Level I1 elements are 
pre%%nt. 
Barren Land--The two Level I1 elements p r e s e n t  
a r e  beaches and sand depos i t s  o the r  than 
beaches. Sand o t h e r  than beaches w i l l  
inc lude  both  dunes and sand f l a t s . .  
For t h e  purpose of t h i s  r e p o r t  only Level I c l a s s i f i -  
c a t i o n  w a s  mapped, although some Level I1 imagery w a s  used 
t o  check t h e  accuracy a t  Level I. I n i t i a l  surveys i n d i c a t e  
t h a t  c o l o r  I R  imagery a t  a scale of l:GO,OOO w a s  more than 
s u f f i c i e n t  t o  accomplish Level I1 mapping wi th  t h e  excep- 
t i o n  of urban development c l a s s i f i c a t i o n .  
ANALY S I S 
Landmarks and f e a t u r e s  on t h e  imagery t h a t  are impor- 
t a n t  i n  d e l i n e a t i n g  t h e  land cover classes inc lude  t h e  i n -  
t e r f a c e s  between sand f l a t s  and marshes, marsh and lagoon, 
and beach and ocean; t u r b i d i t y  p a t t e r n s  i n  t h e  oceans and 
e s t u a r i e s ,  and vege ta t ion  d i s t r i b u t i o n s .  The fol lowing is 
an assessment  of t h e  i n d i v i d u a l  ERTS-1 bands u t i l i t y :  
PSS-4 Sand s u r f a c e s  are ev iden t ,  as are sand t o  
vege ta t ion  t r a n s i t i o n s .  T h e  band i s  n o t  
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Table  1 
Land-Use Classification System for Use 
With Remote Sensor Data 
L f W l  I L c u d  I1 
01. Urban and Built-up Land. 
01. flesidential. 
02. Conmcrciitt and ser- 
03. Industrial. 
04. 12xtmctive. 
05. ‘Tritnspoc kat io n, co in- 
n~ u n ica  t ioiis, and 
vices. 
06. Institutional. 
07. Strip and Clustered 
Settlement. 
08. hlixed. 
0% Open and Other. 
01. Cropland and Pasture. 
02. O r c h a r d s ,  Groves ,  
B u s h  F r u i t s .  
V i n e y a r d s ,  a n d  
l i  o r 1 i c u 1 t u r a 1 
Areas. 
03. Feeding Operations. 
0.4. Other. 
02. Agricultural Land. 
03. Rangeland. 
04. Forest Land. 
05. Water. 
01. Grasr. 
02. S a v a n n a s  (Palmetto 
03. Chaparral. 
0.1. Desert Shrub. 
01. Deciduous. 




01. Streanis and Water- 
02. Lakes. 
03. Reservoirs. 





06. Nonforcstcd Wetland. 
07. Earren Land. 
01. Salt Iztats. 
02. Beaches. 
03. Saiid Other Than 
04. Bare Esposcd Rock, 
05. Other. 
01. Tundra. 
01. Pernianciit Snow and 
Beaches. 
08. Tundra. 








good f o r  t h e  d i f f e r e n t i a t i o n  of marsh 
vege ta t ion  types ,  o r  of t h e  beach from 
the s u r f  zone (Fig. 2A) . 
The sand t o  marsh t r a n s i t i o n  i s  best 
i n d i c a t e d  on t h i s  band, 
e a s i l y  observed. 
marsh t o  water and shore  to  water 
t r a n s i t i o n s  a r e  n o t  wel l -def ined 
(Fig.  2B). 
Turb id i ty  i s  
A s  w i t h  band MSS-4, 
Both water  t o  land boundaries and vege- 
t a t i o n  t r a n s i t i o n s  are evident .  This  
band is  poor f o r  sand t o  marsh t r a n s i -  
t i o n s  (Fig.  2 C ) ,  
T h i s  band i s  t h e  best for water to land 
t r a n s i t i o n s ,  and i n  p a r t i c u l a r ,  f o r  d i s -  
cern ing  t h e  sho re l ine .  Dune r i d g e s  and 
vege ta t ion  p a t t e r n s  a l s o  show well. 
S imi l a r  problems a s  MSS-6 f o r  sancl/vege- 
t a t i o n  transitions e x i s t  (Fig.  2B) 
The land cover of t h e  mid-Atlantic b a r r i e r  i s l a n d s  from 
A t l a n t i c  C i ty ,  N e w  Jersey t o  Assateague Isleirid, Maryland and 
from t h e  Virginia-North Carol ina border t o  Cape Fear, North 
Carol ina have been mapped a t  Love1 I,  Examples a r e  given i n  
Figure 3 .  The problems encountered i n  mapping f o r  each land 
cover and land use c l a s s  are d iscussed  i n  t h e  fol lowing l ist .  
Urban @ Built-up Areas-These a r e a s  a r e  d i f f i c u l t  
t o  d i s t i n g u i s h  on b a r r i e r  i s l a n d s  unless  the 
development i s  i n t e n s e  because of large a reas  
of unvegetated sands t h a t  remain between t h e  
bu i ld ings .  T h i s  probLem i s  e a s i l y  removed 
a t  Level 11, Areas where marshes have been 
dredged and f i lLed f o r  development a r e  e a s i l y  
recognized from ERTS-1 imagery, 
F o r e s t  Lands-Areas of heavy evergreen o r  mixed 
cover a r e  r e a d i l y  ev iden t  on MSS-6 o r  MSS-7. 
The only a r e a s  on t h e  b a r r i e r  i s l a n d s  t h a t  
have t h i s  typo of land cover are usua l ly  
o l d e r ,  high-standing dunes.  On t h e  fa lse  
c o l o r  imagery t h e  f o r e s t s  appear a b r i g h t e r  
red than  marshes. Level1 I1 imagery should 
be s u f f i c i e n t  t o  answer any ques t ions  t h a t  
a r i s e  i n  Level I mapping. 
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Water--Water/land - t r a n s i t i o n s  are b e s t  de l inea ted  
on MSS-6 and MSS-7. No p a r t i c u l a r  problems 
were encountered i n  mapping a t  Level I. 
best i n d i c a t e d  on MSS-4 and MSS-5, marsh t o  
Nonforest  Wetland--Sand t o  marsh t r a n s i t i o n s  are 
Barren 
ERTS-1 
water i s  best on MSS-6 and MSS-7. Some 
d i f f e r e n t i a t i o n  of wetland types is  evident ,  
bu t  Level I1 imagery . i s  necessary f o r  accu- 
rate i d e n t i f i c a t i o n .  
-- Land-The bar ren  lands of b a r r i e r  i s l a n d s  
are p r imar i ly  t h e  beaches,  dunes,  and sand 
f l a t s .  . T h e  beach a r e a s  are separable from 
sand f l a t s  and dunes by their  lack of vege- 
t a t i o n  on Level I. 
be necessary f o r  accu ra t e  s e p a r a t i o n  of 
sand f l a t s  from dunes. 
Level 11 imagery may 
EVALUATION 
imagery i s  s u f f i c i e n t  f o r  i d e n t i f y i n g  Level I 
classes of land cover and land use and can  be used for r ap id  
assessment of t he  d i s t r i b u t i o n  of the  land cover on a re- 
g iona l  scale. Elements of the Level I1 c l a s s i f i c a t i o n  are 
a l s o  ev iden t ,  b u t  more work i s  r equ i r ed  before  i t  w i l l  be 
p o s s i b l e  t o  assess whether o r  n o t  t h e  ma jo r i ty  of Level I1 
c l a s s i f i c a t i o n s  can be c a r r i e d  o u t  wi thout  ex tens ive  u s e  of 
h igh -a l t i t ude  u n d e r f l i g h t s .  The combination o f  r e s o l u t i o n ,  
r e g i o n a l  coverage and sampling i n t e r v a l  makes ERTS imagery 
desirable when l a rge - sca l e  assessments of change, such a s  
a f t e r  a major storm, o r  longer-term changes i n  d i s t r i b u t i o n  
of l and  cover and land use  are needed. 
Changes i n  d i s t r i b u t i o n s  of land use  classes on t h e  
barrier i s l a n d s  s i g n i f y  t h e  response of t h i s  environment 
t o  n a t u r a l  and man-caused processes .  Therefore ,  a s h i f t  
i n  t h e  r e l a t i v e  d i s t r i b u t i o n  of vege ta ted  dunes and sand 
f l a t s  may be i n d i c a t i v e  of an e ros ion  t r e n d ,  o r  a decrease 
i n  m a r s h  area may r e p r e s e n t  increased dredge and f i l l  or 
s i g n i f i c a n t  storm generated overwash. 
The barr ier  i s l a n d s  are one of t h e  most dynamic and 
s e n s i t i v e  environments i nhab i t ed  by man. The interconnec-  
t i o n s  among t h e  processes  and t h e  equi l ibr ium forin of t h e  
land i s  such t h a t  changes i n  any one p a r t  of t he  i s l a n d  can 
be r a p i d l y  t r ansmi t t ed  t o  o t h e r  areas. For purposes of 
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of planning i n  t h i s  environment measures on t h e  vulner-  
a b i l i t y  and s e n s i t i v i t y  of the d i f f e r e n t  land cover classes 
are needed i f  t h e  use  of t h e  i s l a n d s  i s  t o  be proper ly  
planned. 
Environmental v u l n e r a b i l i t y  can be def ined  as t h e  pos- 
s i b i l i t y  t h a t  a land cover class may undergo s i g n i f i c a n t  
change. The v u l n e r a b i l i t y  of a beach may, t h e r e f o r e ,  be  
very high when compared t o  a marsh area. Vu lne rab i l i t y  can 
a l s o  vary between s i tes  w i t h i n  a p a r t i c u l a r  land  cover class. 
For planning purposes ,  v u l n e r a b i l i t y  i n d i c a t e s  the r i s k  of 
damage from storms o r  o t h e r  environmental  changes. 
damage t o  t h e  land class from a c t i o n s  of man. Barrier dunes 
and marshes may, t h e r e f o r e ,  be more s e n s i t i v e  than beaches 
and sand f la t s .  S e n s i t i v i t y  gauges t h e  p o s s i b l e  effect of 
man upon t h e  land class. 
S e n s i t i v i t y  can be de f ined  as t h e  degree of p o s s i b l e  
V u l n e r a b i l i t y  and s e n s i t i v i t y  can be estimated from 
r e p e t i t i v e  coverage of long reaches of CARETS coas t .  ERTS 
imagery has s u f f i c i e n t  r e s o l u t i o n  and adequate r e p e t i t i v e  
coverage t o  accomplish the  t a s k .  Some h igh -a l t i t ude  i m a g -  
e ry  and suppor t ive  f i e l d  work i s  necessary t o  calibrate t h e  
i n t e r p r e t a t i v e  dec i s ions .  
By monitoring land cover d i s t r i b u t i o n s  on undeveloped 
i s l a n d s ,  and then e s t ima t ing  v u l n e r a b i l i t y  and s e n s i t i v i t y ,  
t he  n a t u r a l  dynamics of t h e  b a r r i e r  i s l a n d  environment can 
be est imated.  The information gained can then be  appl ied  
t o  areas a l ready  developed o r  areas planned f o r  development. 
This  system of ana lyses  can then s e r v e  t o  f o r e c a s t  where 
s e r i o u s  environmental  problems w i l l  l i k e l y  occur. 
SUMMARY 
ERTS imagery can be used to  map Level I land cover and 
land  use  d i s t r i b u t i o n s  on t h e  b a r r i e r  i s l a n d s  of t h e  CARETS 
region.  Mapping of some elements a t  Level I1 is  a l s o  pos- 
sible.  It  appears t h a t  v u l n e r a b i l i t y  and s e n s i t i v i t y  of 
t h e  land cover classes can be estimated from t h e  inves t iga -  
t i o n  of ERTS imagery wi th  some suppor t ive  u n d e r f l i g h t s  and 
f i e l d  work. These a d d i t i o n a l  d a t a  should provide a planning 
base f o r  f u t u r e  development of t h e  sand beaches and b a r r i e r  
i s l a n d s  of t h e  mid-Atlantic Coast. 
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CAPES: 1 0 0 K m  
SHORELINE SANDWAVES: I Km 
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